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INTEGRATED , MINIATURIZED , WIRELESS 
SENSING ELECTRONIC PLATFORM FOR 

HIGH RESOLUTION GAS SENSING 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims the benefit of Provisional 
Application No. 62 / 831,911 filed Apr. 10 , 2019 , the disclo 
sure of which is incorporated herein by reference in its 
entirety . 

BACKGROUND 

[ 0002 ] The subject matter disclosed herein generally 
relates to the gas sensing , and more particularly to an 
apparatus and method for sensing gas . 
[ 0003 ] Detection of a target gas ( e.g. , ethylene ) is often 
difficult in the presence of contaminants , such as , for 
example , carbon dioxide and carbon monoxide . 

BRIEF SUMMARY 

[ 0004 ] According to one embodiment , an electronic sens 
ing system located on a printed circuit board is provided . 
The electronic sensing system including : a target gas sensor 
configured to detect a resistance of the target gas sensor ; a 
reference sensor configured to detect a resistance of the 
reference sensor ; a resistance comparator including a digital 
potentiometer , the resistance comparator being electrically 
connected to the target gas sensor and the reference sensor , 
wherein the digital potentiometer is configured to be 
adjusted to determine a first resistance in response to the 
resistance of the target gas sensor and a second resistance in 
response to the resistance of the reference sensor ; and a 
system on a chip in electronic communication with the 
resistance comparator , the system on a chip being configured 
to determine a target gas concentration in response to the 
first resistance and the second resistance . 
[ 0005 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include a multiplexer electrically connecting the resistance 
comparator to the target gas sensor and the reference sensor , 
wherein the multiplexer includes : first port electrically 
connected to the target gas sensor , a second port electrically 
connected to the reference sensor , and an output port elec 
trically connected to the resistance comparator . 
[ 0006 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the system on a chip further includes general 
purpose input output in electronic communication with the 
multiplexer . 
[ 0007 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include a humidity sensor configured to detect an on - board 
humidity of the electronic sensing system . 
[ 0008 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include a temperature sensor configured to detect an on 
board temperature of the electronic sensing system . 
[ 0009 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the system on a chip further includes an 12C in 
electronic communication with the humidity sensor . 
[ 0010 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 

include that the system on a chip further includes an I2C in 
electronic communication with the temperature sensor . 
[ 0011 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the system on a chip is configured to adjust the 
first resistance and the second resistance to compensate for 
the on - board humidity . 
[ 0012 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the system on a chip is configured to adjust the 
first resistance and the second resistance to compensate for 
the on - board temperature . 
[ 0013 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the system on a chip further includes an I2C in 
electronic communication with the resistance comparator . 
[ 0014 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include : a low pass filter ; an amplifier ; and an analog to 
digital converter , wherein the 12C is in electronic commu 
nication with the resistance comparator through the low pass 
filter , the amplifier , and the analog to digital converter . 
[ 0015 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the system on a chip further includes : a com 
munication device configured to advertise a wireless signal . 
[ 0016 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the wireless signal is Bluetooth . 
[ 0017 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the communication device is configured to 
transmit the target gas concentration to an external device 
via the wireless signal . 
[ 0018 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include a thermistor configured to measure an off - board 
temperature , wherein the system on the chip is configured to 
adjust the on - board temperature in response to the off - board 
temperature . 
[ 0019 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that the target gas is ethylene . 
[ 0020 ] According to another embodiment , a method of 
detecting a target gas is provided . The method including : 
detecting a resistance of a target gas sensor ; detecting a 
resistance of a digital potentiometer ; adjusting the resistance 
of the digital potentiometer to a first resistance such that the 
first resistance of the digital potentiometer is matched to the 
resistance of the target gas sensor ; detecting a resistance of 
a reference sensor ; adjusting the resistance of the digital 
potentiometer to a second resistance such that the second 
resistance of the digital potentiometer is matched to the 
resistance of the target gas sensor ; and determining target 
gas concentration in response to the first resistance and the 
second resistance . 
[ 0021 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that prior to the determining the method further 
includes : detecting an on - board humidity using a humidity 
sensor ; and adjusting the first resistance and the second 
resistance in response to the on - board humidity to compen 
sate for the on - board humidity . 
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[ 0022 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that prior to the determining the method further 
includes : detecting an on - board temperature using a tem 
perature sensor ; and adjusting the first resistance and the 
second resistance in response to the on - board temperature to 
compensate for the on - board temperature . 
[ 0023 ] In addition to one or more of the features described 
above , or as an alternative , further embodiments may 
include that prior to the determining the method further 
includes : detecting an on - board humidity using a humidity 
sensor ; detecting an on - board temperature using a tempera 
ture sensor ; and adjusting the first resistance and the second 
resistance in response to the on - board humidity and the 
on - board temperature to compensate for the on - board 
humidity and the on - board temperature . 
[ 0024 ] The foregoing features and elements may be com 
bined in various combinations without exclusivity , unless 
expressly indicated otherwise . These features and elements 
as well as the operation thereof will become more apparent 
in light of the following description and the accompanying 
drawings . It should be understood , however , that the fol 
lowing description and drawings are intended to be illustra 
tive and explanatory in nature and non - limiting . 

BRIEF DESCRIPTION 

[ 0025 ] The following descriptions should not be consid 
ered limiting in any way . With reference to the accompa 
nying drawings , like elements are numbered alike : 
[ 0026 ] FIG . 1 illustrates a general schematic system dia 
gram of an electronic sensing system , in accordance with an 
embodiment of the disclosure ; 
[ 0027 ] FIG . 2 illustrates a general schematic system dia 
gram of an electronic sensing system , in accordance with an 
embodiment of the disclosure ; and 
[ 0028 ] FIG . 3 is a flow diagram illustrating a method of 
detecting a target gas using the electronic sensing system of 
FIGS . 1-2 , according to an embodiment of the present 
disclosure . 

truck , a refrigerated trailer , or a refrigerated container . The 
electronic sensing system 100 may also be utilized in 
operative association with a commercial refrigeration sys 
tem , such as , for example , refrigerated cabinets ( e.g. , self 
serve refrigerated grocery cabinets with and without doors ) . 
In the transport refrigeration system or the commercial 
refrigeration system , the electronic sensing system 100 may 
be used as part of a refrigeration control system to adjust 
environmental conditions of the perishable goods ( e.g. , 
cargo / stock / inventory ) in order to control , or influence the 
control of , ventilation , humidity , air temperature , and / or 
contaminant scrubbing systems . In one embodiment , the 
electronic sensing system 100 may be used to activate 
ventilation to lower the target gas concentration around the 
electronic sensing system 100 , or to alert personnel to 
potential damage to perishable goods . 
[ 0032 ] In another embodiment , the electronic sensing sys 
tem 100 may be utilized independent of a corresponding 
refrigeration system or commercial refrigeration system to 
alert personnel to potential damage to perishable goods or to 
increase or decrease ventilation rates . 
[ 0033 ] The electronic sensing system 100 includes a 
printed circuit board 110 having a first side 112 and a second 
side 114 opposite the first side 112. The printed circuit board 
110 may be composed of multiple layers fiber glass and 
cooper in a non - limiting embodiment . A majority of the 
components 120 of the electronic sensing system 100 may 
be located on the first side 112 of the printed circuit board 
110 and an energy source 116 may be located on the second 
side 114 of the printed circuit board 110. The energy source 
116 may be electrically connected to the components 120 on 
the first side 112 of the printed circuit board 110 and provide 
electrical energy to the components 120 on the first side 112 
of the printed circuit board 110 . 
[ 0034 ] The energy source 116 of the electronic sensing 
system 100 is configured supply electrical energy to the 
electronic sensing system 100. The energy source 116 of the 
electronic sensing system 100 is configured supply electrical 
energy to at least one component 120 on the first side 112 of 
the electronic sensing system 100. The energy souro 116 of 
the electronic sensing system 100 may also be configured to 
store electrical energy an energy storage system 118 , such 
as , for example , a battery system , capacitor , or other energy 
storage system known to one of skill in the art . The energy 
source 116 may also include an energy generation system 
119 to generate electrical energy for the electronic sensing 
system 100. The energy generation system 119 may be an 
energy generation or electricity harvesting system , such as , 
for example , solar panel , radio frequency energy harvesting 
device , or other type of electrical generator known to one of 
skill in the art . In another embodiment , the energy source 
116 may also be located on the first side 112 of the printed 
circuit board 110 . 
[ 0035 ] The electronic sensing system 100 may include a 
system on a chip 130 , a sensor hub 150 , a digital potenti 
ometer 160 , and a thermistor 180. The system on a chip 130 
may comprise a processor 132 , a memory 134 , a commu 
nication device 136 , an analog to digital convertor ( ADC ) 
137 , 1²C 138 , and a general purpose input output ( GPIO ) . In 
an embodiment , the processor 132 may be a 32 bit reduced 
instruction set computer processor . In an embodiment , the 
memory 134 is a 512 kB flash memory . The ADC 137 may 
be a 12 bit ADC . In an embodiment , the communication 
device 136 may a 2.4 GHZ radio . The communication 

DETAILED DESCRIPTION 

[ 0029 ] A detailed description of one or more embodiments 
of the disclosed apparatus and method are presented herein 
by way of exemplification and not limitation with reference 
to the Figures . 
[ 0030 ] The resistive response of a printed chemo - resistive 
gas sensor on a flexible substrate may be influenced by 
contaminants ( e.g. other gases such as CO2 and CO ) as well 
as environmental conditions ( e.g. humidity ) . As a result , 
real - world environmental conditions need to be carefully 
calibrated out since they may significantly influence the 
sensor's readings . Embodiments disclosed herein seek to 
provide an electronic sensing system capably of calibrating 
out contaminates to provide an accurate target gas reading . 
[ 0031 ] FIGS . 1-2 schematically illustrates an electronic 
sensing system 100 configured to detect a target gas while 
adjusting for possible contaminates in the air . It should be 
appreciated that , although particular systems are separately 
defined in the schematic block diagrams , each or any of the 
systems may be otherwise combined or separated via hard 
ware and / or software . The electronic sensing system 100 
may be utilized in operative association with a transport 
refrigeration system , such as , for example , a refrigerated 
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device 136 may be capable of transmitting wireless signals 
202 to an external device 200. The wireless signals 202 may 
be long - range wireless ( e.g. , LORA ) or short - range wireless 
( e.g. , Bluetooth ) . The communication device 136 may be 
configured to transmit a target gas concentration to the 
external device 200 via the wireless signal 202 . 
[ 0036 ] The external device 200 may be a computing 
device capable of doing real - time analysis , such as , for 
example , a desktop computer , a laptop computing , a tablet 
computer , a smart phone , a smart watch , or similar comput 
ing device known to one of skill in the art . Although not 
shown for simplification , the external device 200 may 
include a processor and an associated memory comprising 
computer - executable instructions that , when executed by the 
processor , cause the processor to perform various opera 
tions . The processor may be , but is not limited to , a single 
processor or multi - processor system of any of a wide array 
of possible architectures , including field programmable gate 
array ( FPGA ) , central processing unit ( CPU ) , application 
specific integrated circuits ( ASIC ) , digital signal processor 
( DSP ) or graphics processing unit ( GPU ) hardware arranged 
homogenously or heterogeneously . The memory may be but 
is not limited to a random access memory ( RAM ) , read only 
memory ( ROM ) , or other electronic , optical , magnetic or 
any other computer readable medium . 
[ 0037 ] The ADC 137 may electrically connect the system 
on a chip 130 to the thermistor 180. The thermistor 180 is 
configured to measure the external temperature of the elec 
tronic sensing system 100. The thermistor 180 may be a 
negative temperature coefficient ( NTC ) temperature - sensing 
elements that are off board ( connected to the actual printed 
chemo - resistive gas sensor via wires ) to measure the tem 
perature of the sensor for calibration . The thermistor 180 
may be configured to measure an off - board temperature . 
Whereas the temperature sensor 154 may be mounted on the 
printed circuit board 110 and may be used for measuring a 
temperature of the printed circuit board 110 for compensat 
ing thermal drift of the onboard electrical components . 
[ 0038 ] The I²C 138 may electrically connect the system on 
a chip 130 to the on - board sensor hub 150. The on - board 
sensor hub 150 may include a humidity sensor 152 and a 
temperature sensor 154. The humidity sensor 152 is config 
ured to detect on - board humidity of air proximate and / or 
within the electronic sensing system 100. The temperature 
sensor 154 is configured to detect on - board temperature of 
air proximate and / or within the electronic sensing system 
100 . 
[ 0039 ] The GPIO 139 may electrically connect the system 
on a chip 130 to a multiplexer 170 having two inputs 172 , 
174 and one output 176. The two inputs of the multiplexer 
170 may be a target gas sensor 192 and a reference sensor 
194. The target gas sensor 192 is configured to detect a target 
gas . The target gas may be organic gas molecules or inor 
ganic gas molecules . Organic gas molecules may include , 
but are not limited to , ethylene , formaldehyde , methane , 
propene , any particular or total volatile organic compound 
( VOC ) count , any particular or total alcohol count , any 
particular or total aromatic compound count , 
Inorganic gas molecules may include , but are not limited to , 
O2 , CO , CO2 , ammonia ( NH3 ) , SH2 , ... etc. In an embodi 
ment , the target gas may be ethylene . The target gas sensor 
192 and the reference sensor 194 may be similar . For 
example the reference sensor 194 a similar printed chemo 
resistive sensor to the target gas sensor 192 but without the 

gas sensing chemicals included in the target gas sensor 192 . 
The reference sensor 194 may have a similar response to a 
contaminant ( e.g. , CO and CO2 ) with the target gas sensor 
192 but the reference sensor 194 will have no response to the 
target gas . Therefore , a reading from the reference sensor 
192 could be used for eliminating the influence caused by a 
contaminant ( CO and CO2 ) . 
[ 0040 ] The target gas sensor 192 is electrically connected 
to the multiplexer 170 through a first port 172 and the 
reference sensor 194 is electrically connected to the multi 
plexer 170 through a second port 174 The output 176 of the 
multiplexer 170 is electrically connected to a digital poten 
tiometer 160 and the digital potentiometer 160 may be 
electrically connected to the FC 138 through a low pass 
filter 162 , an amplifier 164 , and an analog to digital con 
verter 166 . 
[ 0041 ] The digital potentiometer 160 may be a second 
resistor 412 within a resistance comparator 400. The resis 
tance comparator may be a Wheatstone bridge , a Kelvin 
bridge , an ohm meter , or any similar device known to one of 
skill in the art . In an embodiment , the resistance comparator 
400 may be a Wheatstone bridge . The resistance comparator 
may comprise a power source 410 , first junction A1 , a 
second junction C1 , a first mid - junction B1 , a second mid 
junction D1 , a first resistor 411 , a second resistor 412 , a third 
resistor 413 , a fourth resistor 414 , and a galvanometer 420 . 
The first resistor 411 may have a known resistance of R1 . 
The second resistor 412 may have a known resistance of R2 . 
The third resistor 413 may have a known resistance of Rz . 
The fourth resistor 414 may have an unknown resistance of 
Ry . The target gas sensor 192 may be the fourth resistor 414 
of the resistance comparator 400. The resistance comparator 
400 may be used to adjust the resistance the resistance R2 of 
the second resistor 412 ( i.e. , the digital potentiometer 160 ) 
such that the resistance R2 of the second resistor 412 ( i.e. , the 
digital potentiometer 160 ) matches the resistance R of the 
fourth resistor ( i.e. , the target gas sensor 192 ) as close as 
possible . Until the resistance R2 of the second resistor 412 
( i.e. , the digital potentiometer 160 ) matches the resistance 
R , of the fourth resistor ( i.e. , the target gas sensor 192 ) the galvanometer 420 may produce a voltage V , which may be 
amplified by the amplifier 164 to more precisely adjust the 
resistance R2 of the second resistor 412 ( i.e. , the digital 
potentiometer 160 ) . Referring now to FIG . 3 , with continued 
reference to FIGS . 1-2 , a method , a flow chart of a method 
300 of detecting a target gas illustrated , in accordance with 
an embodiment of the present disclosure . In an embodiment , 
the target gas may be ethylene . In an embodiment , the 
method 300 is performed by the electronic sensing system 
100. At block 304 , the processor 132 is initialized and the 
method 300 is initiated 
[ 0042 ] At block 306 , the communication device 136 ini 
tiates advertisement of the wireless signal 202. The com 
munication device 136 may be configured to continuously 
advertise a wireless signal 202 once imitated at block 306 . 
The advertisement is the communication device 136 declar 
ing its presence to any nearby listening external device 200 
and if it is a connectable advertisement it is an opportunity 
for external device 200 to connect to the communication 
device 136. For example , the wireless signal 202 of the 
communication device 136 may be a Bluetooth signal . The 
external device 200 is configured to detect the wireless 
signal 202 and connect to the communication device 136. At 
block 308 , it is determined whether the communication 

etc. 
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device 136 has connected to an external device 200 via the 
wireless signal 202. If at block 308 , it is determined that the 
communication device 136 has not connected to an external 
device 200 via the wireless signal 202 then the method 300 
moves to block 310 and the processor 132 , the ADC 137 , the 
sensor hub 150 , and the thermistor 180 go to sleep . If at 
block 308 , it is determined that the communication device 
136 has connected to an external device 200 via the wireless 
signal 202 then the method 300 moves to block 312 and the 
multiplexer 170 is set to a first port 172 that is in electric 
communication with the target gas sensor 192 . 
[ 0043 ] At block 314 , a target gas measurement is obtained 
using the target gas sensor 192 through the ADC 166. The 
target gas measurement is detected by the target gas sensor 
192 through a resistance measurement taken by the target 
gas sensor 192. The resistance measurement of the target gas 
sensor 192 will change if the target gas concentration has 
changed . 
[ 0044 ] At block 320 , it is determined whether the resis 
tance of the target gas sensor 192 captured during the target 
gas measurement is matched to with a resistance of the 
digital potentiometer 160 If at block 320 , the resistance of 
the target gas sensor 192 captured during the target gas 
measurement is matched then the method 300 moves to 
block 320. If at block 320 , the resistance of the target gas 
sensor 192 captured during the target gas measurement is not 
matched then the method 300 moves to block 316 if the 
resistance is too low or to block 318 if the resistance is too 
high . At block 318 , the digital potentiometer 160 is 
increased if the resistance is too high . At block 316 , the 
digital potentiometer 160 is decreased if the resistance is too 
low . 
[ 0045 ] Once the resistance of the target gas sensor 192 
captured during the target gas measurement is matched at 
block 320 the method 300 then moves onto block 322 to 
check whether the reference sensor 194 is matched with a 
resistance of the digital potentiometer 160. At block 322 , the 
multiplexer 170 is set to a second port 174 that is in electric 
communication with the reference sensor 194 . 
[ 0046 ] At block 314 , a measurement is obtained using the 
ADC 166 and the reference sensor 194. The measurement is 
detected by the reference sensor 194 through a resistance 
measurement taken by the reference sensor 194 
[ 0047 ] At block 320 , it is determined whether the resis 
tance of the reference sensor 194 captured during the ref 
erence measurement is matched to the resistance of the 
digital potentiometer 160. If at block 320 , the resistance of 
the reference sensor 194 captured during the reference 
measurement is matched then the method 300 moves to 
block 320. If at block 320 , the resistance of the reference 
sensor 194 captured during the reference measurement is not 
matched then the method 300 moves to block 316 if the 
resistance is too low or to block 318 if the resistance is too 
high . At block 318 , the digital potentiometer 160 is 
increased if the resistance is too high . At block 316 , the 
digital potentiometer 160 is decreased if the resistance is too 
low . 
[ 0048 ] Once the resistance of the reference sensor 194 
captured during the reference measurement is matched at 
block 320 the method 300 then moves onto block 322 where 
both resistance of the reference sensor 194 and the resistance 
of the target gas sensor 192 should be now both be matched . 
At block 326 , the on - board humidity is measured by the 
humidity sensor 152 and the on - board temperature is mea 

sured by the temperature sensor 154. The reference sensor 
194 and the target gas sensor 192 should respond the same 
to humidity and temperature changes . 
[ 0049 ] At block 328 , the external temperature is measured 
by the thermistor 180 . 
[ 0050 ] At block 330 , a compensation is applied to the 
resistance captured by the target gas sensor 192 and the 
resistance captured by the reference sensor 194. Both the 
target gas sensor 192 and the reference sensor 194 are 
pre - calibrated based on the on - board humidity measured by 
the humidity sensor 152 , the on - board temperature measured 
by the temperature sensor 154 and the external temperature 
measured by the thermistor 180. Ideally the reference sensor 
194 and the target gas sensor 192 should have the same 
response to humidity and temperature but may differ in real 
life due to the effects of the sensing chemicals and the fact 
that the printed substrates may not be exactly identical . From 
testing , the resistance response of the reference sensor 194 
and the target gas sensor 192 with humidity and temperature 
may often be much higher than the resistance response of the 
reference sensor 194 and the target gas sensor 192 to the 
target gas . Therefore it may be necessary to compensate the 
readings of the reference sensor 194 and the target gas 
sensor 192 by the humidity detected by the humidity sensor 
152 and the temperature detected by the temperature sensor 
154 . 
[ 0051 ] At block 332 , the compensated resistance is then 
transmitted back to the external device 200 and the method 
may move back to block 312 to capture more resistance 
measurements . 
[ 0052 ] At block 334 , the target gas concentration is deter 
mined in response to the resistance of the target gas sensor 
194 and the resistance of the reference sensor 194. For 
example , since the reference sensor 194 detects contami 
nates but not the target gas , while the target gas sensor 194 
detects the target gas and contaminates , the combination of 
the resistance of the target gas sensor 194 and the resistance 
of the reference sensor 194 may be used to determine 
resistance . The resistance of the target gas sensor 192 used 
in determining the target gas concentration may be the 
compensated resistance , as described in block 330. The 
resistance of the reference sensor 194 used in determining 
the target gas concentration may be the compensated resis 
tance , as described in block 330 . 
[ 0053 ] While the above description has described the flow 
processes of FIG . 3 in a particular order , it should be 
appreciated that unless otherwise specifically required in the 
attached claims that the ordering of the steps may be varied . 
[ 0054 ] As described above , embodiments can be in the 
form of processor - implemented processes and devices for 
practicing those processes , such as a processor . Embodi 
ments can also be in the form of computer program code 
containing instructions embodied in tangible media , such as 
network cloud storage , SD cards , flash drives , floppy dis 
kettes , CD ROMs , hard drives , or any other computer 
readable storage medium , wherein , when the computer 
program code is loaded into and executed by a computer , the 
computer becomes a device for practicing the embodiments . 
Embodiments can also be in the form of computer program 
code , for example , whether stored in a storage medium , 
loaded into and / or executed by a computer , or transmitted 

some transmission medium , loaded into and / or 
executed by a computer , or transmitted over some transmis 
sion medium , such as over electrical wiring or cabling , 

Over 
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through fiber optics , or via electromagnetic radiation , 
wherein , when the computer program code is loaded into an 
executed by a computer , the computer becomes an device for 
practicing the embodiments . When implemented on a gen 
eral - purpose microprocessor , the computer program code 
segments configure the microprocessor to create specific 
logic circuits . 
[ 0055 ] The term “ about " is intended to include the degree 
of error associated with measurement of the particular 
quantity based upon the equipment available at the time of 
filing the application . 
[ 0056 ] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the present disclosure . As used herein , the 
singular forms “ a ” , “ an ” and “ the ” are intended to include 
the plural forms as well , unless the context clearly indicates 
otherwise . It will be further understood that the terms 
“ comprises ” and / or “ comprising , " when used in this speci 
fication , specify the presence of stated features , integers , 
steps , operations , elements , and / or components , but do not 
preclude the presence or addition of one or more other 
features , integers , steps , operations , element components , 
and / or groups thereof . 
[ 0057 ] While the present disclosure has been described 
with reference to an exemplary embodiment or embodi 
ments , it will be understood by those skilled in the art that 
various changes may be made and equivalents may be 
substituted for elements thereof without departing from the 
scope of the present disclosure . In addition , many modifi 
cations may be made to adapt a particular situation or 
material to the teachings of the present disclosure without 
departing from the essential scope thereof . Therefore , it is 
intended that the present disclosure not be limited to the 
particular embodiment disclosed as the best mode contem 
plated for carrying out this present disclosure , but that the 
present disclosure will include all embodiments falling 
within the scope of the claims . 
What is claimed is : 
1. An electronic sensing system located on a printed 

circuit board for detecting a target gas , the electronic sensing 
system comprising : 

a target gas sensor configured to detect a resistance of the 
target gas sensor ; 

a reference sensor configured to detect a resistance of the 
reference sensor ; 

a resistance comparator including a digital potentiometer , 
the resistance comparator being electrically connected 
to the target gas sensor and the reference sensor , 
wherein the digital potentiometer is configured to be 
adjusted to determine a first resistance in response to 
the resistance of the target gas sensor and a second 
resistance in response to the resistance of the reference 
sensor ; and 

a system on a chip in electronic communication with the 
resistance comparator , the system on a chip being 
configured to determine a target gas concentration in 
response to the first resistance and the second resis 
tance . 

2. The electronic sensing system of claim 1 , further 
comprising : 

a multiplexer electrically connecting the resistance com 
parator to the target gas sensor and the reference sensor , 
wherein the multiplexer comprises : a first port electri 
cally connected to the target gas sensor , a second port 

electrically connected to the reference sensor , and an 
output port electrically connected to the resistance 
comparator . 

3. The electronic sensing system of claim 2 , wherein the 
system on a chip further comprises general purpose input 
output in electronic communication with the multiplexer . 

4. The electronic sensing system of claim 1 , further 
comprising : 

a humidity sensor configured to detect an on - board 
humidity of the electronic sensing system . 

5. The electronic sensing system of claim 1 , further 
comprising : 

a temperature sensor configured to detect an on - board 
temperature of the electronic sensing system . 

6. The electronic sensing system of claim 4 , wherein the 
system on a chip further comprises an 1²C in electronic 
communication with the humidity sensor . 

7. The electronic sensing system of claim 5 , wherein the 
system on a chip further comprises an 1 ° C in electronic 
communication with the temperature sensor . 

8. The electronic sensing system of claim 4 , wherein the 
system on a chip is configured to adjust the first resistance 
and the second resistance to compensate for the on - board 
humidity . 

9. The electronic sensing system of claim 5 , wherein the 
system on a chip is configured to adjust the first resistance 
and the second resistance to compensate for the on - board 
temperature . 

10. The electronic sensing system of claim 1 , wherein the 
system on a chip further comprises an 1²C in electronic 
communication with the resistance comparator . 

11. The electronic sensing system of claim 10 , further 
comprising : 

a low pass filter ; 
an amplifier ; and 
an analog to digital converter , 
wherein the 1 ? C is in electronic communication with the 

resistance comparator through the low pass filter , the 
amplifier , and the analog to digital converter . 

12. The electronic sensing system of claim 1 , wherein the 
system on a chip further comprises : 

a communication device configured to advertise a wire 
less signal . 

13. The electronic sensing system of claim 12 , wherein 
the wireless signal is Bluetooth . 

14. The electronic sensing system of claim 12 , wherein 
the communication device is configured to transmit the 
target gas concentration to an external device via the wire 
less signal . 

15. The electronic sensing system of claim 5 , further 
comprising : 

a thermistor configured to measure an off - board tempera 
ture , wherein the system on the chip is configured to 
adjust the on - board temperature in response to the 
off - board temperature . 

16. The electronic sensing system of claim 1 , wherein the 
target gas is ethylene . 

17. A method of detecting a target gas , the method 
comprising : 

detecting a resistance of a target gas sensor ; 
detecting a resistance of a digital potentiometer ; 
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adjusting the resistance of the digital potentiometer to a 
first resistance such that the first resistance of the digital 
potentiometer is matched to the resistance of the target 
gas sensor ; 

detecting a resistance of a reference sensor ; 
adjusting the resistance of the digital potentiometer to a 

second resistance such that the second resistance of the 
digital potentiometer is matched to the resistance of the 
target gas sensor ; and 

determining target gas concentration in response to the 
first resistance and the second resistance . 

18. The method of claim 17 , wherein prior to the deter 
mining the method further comprises : 

detecting an on - board humidity using a humidity sensor ; 
and 

adjusting the first resistance and the second resistance in 
response to the on - board humidity to compensate for 
the on - board humidity . 

19. The method of claim 17 , wherein prior to the deter 
mining the method further comprises : 

detecting an on - board temperature using a temperature 
sensor ; and 

adjusting the first resistance and the second resistance in 
response to the on - board temperature to compensate for 
the on - board temperature . 

20. The method of claim 17 , wherein prior to the deter 
mining the method further comprises : 

detecting an on - board humidity using a humidity sensor ; 
detecting an on - board temperature using a temperature 

sensor ; and 
adjusting the first resistance and the second resistance in 

response to the on - board humidity and the on - board 
temperature to compensate for the on - board humidity 
and the on - board temperature . 


